INTRODUCTION
There has recently been considerable interest in whether oil prices reflect economic fundamentals or whether they are distorted by excessive speculative forces that may be unrelated to the economic environment. This interest has been driven by volatility in oil prices coupled with increased trading in oil futures by both professional investors and retail investors via investment vehicles such as exchanged traded funds, which disproportionally take long positions in oil futures.
Empirical investigations on the role of speculation have taken several different approaches.
1 One approach examines the relation between spot prices of oil, futures prices, and, in some cases, inventories and volume, See, for example, Tang and Xiong (2011) A third approach involves the relation between oil prices and economic fundamentals at higher frequencies. Kilian and Vega (2011) conduct such an investigation and find little evidence that oil prices respond to macroeconomic news releases at daily and monthly horizons. Chatrath, Miao and Ramchander (2011) , recognizing the stock-flow distinction in commodities, use intraday data to investigate whether oil prices are linked to macroeconomic events. Similar to Kilian and Vega, they do not find strong evidence of a systematic response of oil prices to economic news.
In this paper, we reinvestigate the relation between oil prices and economic fundamentals using a different methodology with very high frequency, intraday data on oil prices (five-minute intervals). The methodology we employ identifies relatively large movements in the conditional mean of (log) oil prices over arbitrarily short intervals. These movements are known as "jumps," and we investigate whether these jumps in oil prices tend to coincide with the arrival of new economic information.
The theoretical foundation for identifying jumps in asset prices is developed in several recent papers, including Lee and Mykland (2008) and Shephard (2004, 2006) . These authors develop a relatively simple test statistic for jumps in the log price process, along with a measure of sampling variability that allows for hypothesis tests. The jump methodology has been recently utilized in several recent studies, including Our approach is more focused than previous studies that investigate the relation between oil prices and economic news, in that we analyze only these discontinuities in oil prices. We think this approach is reasonable, in part due to the challenges encountered by previous studies, and in part because it effectively compensates for features of the data, such as the unobservable nature of the "surprise" component of a news announcement that makes it difficult to link noisily measured economic surprises with directional changes in oil prices.
Our results indicate a surprisingly strong link between jumps in oil prices and economic announcements. In particular, we find that there are a disproportionately large number of jumps in oil prices at four intervals during the day, three of which correspond to regular economic announcements and one of which corresponds to the market opening. These intervals are approximately 8:30 am and 10:30 am, which correspond to domestic news releases, 5:00 am, which corresponds to the release of economic news in Europe, and 9:00 am, which corresponds to the opening of trading in the pits.
We examine the largest jumps in oil prices and find that eighteen of the twenty largest jumps at 8:35 am are preceded by a scheduled economic announcement, with stronger than expected economic news tending to precede positive oil jumps, and weaker than expected economic news tending to precede negative jumps. Similarly, eighteen of the twenty largest jumps at 10:35 am are preceded by a scheduled announcement on crude oil inventories, with higher than expected inventories tending to precede negative jumps, and lower than expected inventories tending to be preceded by positive jumps.
The interval around 8:35 am is perhaps the most relevant for U.S.
macroeconomic announcements, and we find that more than 70% of the jumps in oil prices at this interval are preceded by a relatively few number of economic news releases. As with other studies on macroeconomic announcements, the employment situation report plays a key role, with more than 30% of the announcements on the change in nonfarm payrolls followed by jumps in oil prices.
Overall, our results suggest that jumps in oil prices are closely tied to new economic information that is pertinent to the global market for oil. Given the very high frequency of our data (five-minute intervals), the evidence that oil prices are inextricably linked to substantive new economic information appears overwhelming. In terms of the debate related to the effects of speculation in oil markets, our analysis offers one contribution to a complicated puzzle. That is, oil prices react very quickly and rationally to pertinent economic information, and such responses dominate the variation in oil prices due to speculative forces that are unrelated to economic fundamentals.
The remainder of the paper is organized as follows: section 2 describes the procedure for estimating jumps; section 3 describes the data and section 4 presents the results. Section 5 concludes.
JUMP ESTIMATION
We use the modified jump test proposed by Lee and Mykland (2008) 
where, denotes the realized bipower variation, which is the product of adjacent returns
The selection of the window size is determined by the sampling frequency. Lee and Mykland suggest that the optimal choice for is the smallest integer such that √252 , where is the number of observations per day. The optimal window sizes for one-minute, five-minute, 10-minute, 15-minute, and 30-minute frequency data are therefore 603, 270, 191, 156, and 110, respectively. To conduct inference, some knowledge of the distribution of the test statistic (2) is required. We use the rejection region derived by Lee and Mykland (2008) , which they show to have desirable properties asymptotically, for inference. More details on the calculation of the rejection region is described in the appendix.
The motivation for the test statistic described by equation (2) is both relevant and straightforward. The operational assumption is that the underlying logarithmic asset price can be expressed as a continuous time jump diffusion
where, and σ are the drift and instantaneous volatility, is standard
Brownian motion independent of the drift, and is a normalized counting process such that 1 indicates a jump at time , and 0 otherwise, with the process describing the size of the corresponding discrete jump in the logarithmic price process. Note that the jump process in equation (3) describes the evolution of the conditional mean of .
Barndorff-Nielsen and Shephard (2002) provide an intuitive basis for detecting jumps based on realized variation (RV) and realized bipower variation (BV). RV is defined as the sum of intraday squared returns
where is the j th intraday return on day t. From the theory of quadratic variation, is a consistent estimator of the daily increment to the quadratic variation for the underlying log-price process in equation (3) (see Andersen, Bollerslev and Diebold, 2002) . That is, as M → ∞,
Where → denotes convergence in probability. The first term in equation (5) represents the instantaneous volatility and the second term ( ∑ )
represents variation attributed to jumps.
BV is defined as the scaled sum of the product of adjacent highfrequency returns:
where 2/ is the mean of the absolute value of the standard normal random variate. Shephard (2004, 2006) show BV converges in probability to instantaneous volatility,
The contribution of jumps to RV is identified by disentangling the continuous and discontinuous components of quadratic variation. Specifically, from equation (5), the difference between RV t and BV t therefore provides a consistent estimate of the contribution of the jump component to the RV
Note that this describes a test for the occurrence of a jump over the course of a trading day. Our analysis examines the relation between jumps and the intraday time of the news release, so we use the modified jump test proposed by Lee and Mykland (2008) to identify intraday jumps given by equations (1) and (2).
DATA DESCRIPTION
The oil price data we use are intraday observations of futures prices of Electronic trading breaks for only 45-minutes each day starting at 5:15 pm. The contract unit is for 1,000 barrels and the price is quoted in U.S. dollars.
We form a continuous time series of prices by combining contracts with the greatest number of transactions. In particular, we roll the front-month contract into the first back-month contract when the daily transactions of the current front-month contract are exceeded by the first back-month contract.
This procedure avoids stale prices associated with thinly traded contracts.
We 
where S i,t is the surprise element of the announcement of type i at time t, , is the actual value of the announcement, , is the corresponding consensus forecast, and is the sample standard deviation of ( , , .
Descriptive statistics for the nine pre-scheduled announcements at 8:30
am and the single pre-scheduled news announcement at 10:30 am are reported in Table 1 . Of the 8:30 am announcements, the broadest based measures of economic activity are advanced retail sales, the change in nonfarm payrolls and gross domestic product.
The announcement that we have labeled the "change in nonfarm payrolls" is actually part of the more comprehensive employment situation report on the domestic labor market, which includes data on the unemployment, labor force, the duration of unemployment as well as data from both the household and establishment surveys. The other broad based measures of economic activity are advanced retail sales and GDP. They include information that overlaps considerably with other announcements. For example, the final GDP report is released quarterly, but personal income and spending, which account for nearly three-quarters of GDP, are released monthly. Similarly, personal income and spending tend to be correlated with advanced retail sales.
The employment situation report is therefore unique in the sense that it is a broad measure of economic activity that is released monthly, and there are few other reports that contain such comprehensive information on the domestic labor market. Ex ante, we would therefore expect this report to have a relatively high level of independent information content on the state of the economy.
The 8:30 am announcements are released 30 minutes before the opening of the CME trading pit, so we obtain oil prices from the Globex electronic market. Over our sample, there are 72 monthly news announcements for each of the 9 economic variables released at 8:30 am. The data for the change in crude oil inventory is released weekly at 10:30 am which is ninety minutes after the opening of the CME futures pit market, and thus their price impact is investigated by using the pit/Globex prices -when the pit and Globex markets are both open. During the sample period there are 312 announcements on crude oil inventories.
EMPIRICAL RESULTS

Jumps in Oil Prices
In this section we apply Lee and Myklands' (2008) jump identification procedure to crude oil futures prices. We first need to determine the frequency at which to calculate returns. At higher frequencies the null hypothesis of no jumps tends to be rejected more often, indicating the possibility of an increase in the probability of a Type I error. Dumitru and Urga (2012) suggest an appropriate frequency is one for which the proportion of jumps is relatively stable around neighboring frequencies. As reported later in this section, we find that returns calculated at five-minute intervals satisfy this criterion.
A second issue is the appropriate level of significance for the jump identification test. Dumitru and Urga (2012) and others suggest utilizing a relatively high level of significance, so we reports results at the 1% level, which is comparable to Bjursell, Wang and Webb (2010) and Dumitru and Urga (2012) .
Evans (2011) uses 0.1% and Lee and Mykland (2008) use 5%. To be conservative, we report results for jumps at the 1% level, but we also ensure that we obtain comparable results at the 0.1% significance level.
To gauge the appropriate frequency, we initially apply Lee and
Myklands ' (2008) jump identification test to our sample of data at frequencies of 1-minute, 5-minutes, 10-minutes, 15-minutes, and 30-minutes, using observations from both pit trading and Globex. We estimate the number of jumps at the 0.1%, 1%, and 5% significance levels, and report the results in Table 2 . The results indicate that the probability of observing a jump in the Globex series at the highest frequency (1-minute) is substantially greater than at other frequencies. In particular, decreasing the sample frequency from 1-minute to 5-minutes results in a more than 60% decrease in detected jumps in Globex price series at all three levels of significance. In contrast, the corresponding jump proportion from the trading pit is relatively stable. For instance, at the 1% significance level, the proportion of jumps in the pit prices ranges from 0.43% and 0.51%. Interestingly, the proportion of jumps is the lowest at the 1-minute frequency. Beyond the 1-minute intervals, the proportion of jumps in the both price series is relatively stable. This suggests that a sample frequency of fiveminutes is reasonable for our analysis. Table 3 presents summary statistics for five-minute returns for crude oil futures from both pit and Globex return series. At the five-minute interval, the pit return series has about 95,000 return observations, while Globex has about 285,000. For both return series, the mean return is close to zero, with relatively small skewness and high kurtosis. More specifically, the standard deviation of pit returns is about 140% higher than the standard deviation of Globex returns.
These differences in the return series, likely partly due to the lower liquidity during many of the Globex trading hours, suggest that we should investigate their relation to economic news announcements separately, rather than combining them together into one continuous series. total number of trading days contain jumps in the Globex series, and about 21.55%
in the pit, with the average number of jumps on these days about 2.01 (Globex) and 1.31 (pit). Second, the total number of jumps is 2,026 on Globex versus 417
for the pit. The larger number of jumps on Globex may be due to more idiosyncratic shock during after-hours trading. Finally, the magnitudes of the jumps are large relative to the average absolute return of all observations -about six to seven times larger. Third, the average jump size in the pit price series is nearly 1.5 times larger than for the Globex series (1.07% vs. 0.44%). These differences lend further support to our earlier observation that we should investigate the properties of jumps in these two series separately, as the greater volatility of the pit return series may lead to under-identification of jumps in the Globex return series.
Finally, the jump statistics in Table 3 illustrate the asymmetry of jumps, as the number of negative jumps exceeds the number of positive jumps, and the negative jumps tend to be larger in magnitude. For example, of the 417 jumps in the pit price series, 250 (60%) are negative.
Jumps and Economic Announcements
Recent studies find that a nontrivial proportion of jumps in exchange rates (Lahaye et al., 2010) Table 1 . Similarly, at 10:30 am, data on oil inventories, i.e., the weekly total change in US crude oil inventories, is released by the U.S.
Department of Energy. This figure alone therefore provides considerable evidence that intraday jumps in oil prices are driven by economic fundamentals, rather than speculative components unrelated to economic fundamentals. The signs between the jumps and the surprise component of the inventory announcement are opposite in 16 out of 18 cases, indicating that oil returns tend to be negative when inventories are higher than expected. This is, of course, indicative of a downward sloping demand for oil. More specifically, there are eight unexpected increases in oil inventories followed by negative jumps in oil prices and eight unexpected decreases in inventories followed by positive jumps.
The results described in Table 4 certainly suggest that large moves in oil prices are related to substantive economic events pertinent to the global market for oil rather than random speculative forces. These results, however, are based only on the most extreme jumps in oil prices. To investigate whether macroeconomic events may be related to smaller jumps in oil prices, we match all the 8:35 am and 10:35 am jumps with the news releases described in Table 1 .
These results are reported in Table 5 , with the columns labeled "Matched" and "Percentage" referring to the number and proportion of each economic announcement that can be linked to a jump in oil prices. For example, during our sample, 23 of the 72 releases (31.94%) on the changes in nonfarm payrolls are linked to jumps in oil prices at 8:35 am. As described previously, we should not be surprised that the information content in the nonfarm payrolls is relatively high, given the unique information content of this report. This has been recognized previously by several researchers including Andersen and Bollerslev (1998) who refer to the employment situation report as the "king" of all announcements. Two other news announcements, GDP and personal consumption have more than 10% of the announcements associated with jumps.
Overall, for the 78 jumps in oil prices at 8:35 am, 56 (71.79%) are preceded by one of the news announcements listed in Table 1 .
The relationship between oil prices and the oil inventory announcements is even more dramatic, with 64 out of 75 jumps (85.3%) in this time interval preceded by crude oil inventory announcements. Viewed from another perspective, 64 of the total 312 (20.5%) weekly announcements on crude oil inventories are followed by 10:35 am jumps.
The results thus far suggest that jumps in oil prices tend to be associated with substantive economic news, and that a relatively small number of economic announcements precede a substantial proportion of jumps in oil prices. In the next section, we investigate this relationship further.
The Marginal Effect of Economic News Announcements
The results from the previous section suggest that jumps in oil prices are not randomly distributed throughout the trading day as they might be in a purely speculative environment. Rather, our results thus far indicate that substantive new economic information tends to precede significant jumps in oil prices. This analysis therefore highlights the role of news announcements with substantive economic content.
A separate question is whether we can identify a more systematic relation between economic news and the sign and magnitude of jumps in oil prices. To investigate such a relation we regress jumps that are preceded by economic news announcements on the standardized surprise of the announcements. To allow for positive and negative surprises to have asymmetric effects, we include them as separate covariates in the regression. In particular, we estimate a regression of the following form Table 6 , sorted by positive and negative news surprises.
The first three columns report the regression results for the 8:35 am jumps. Two comments are noteworthy. This first is that the change in non-farm payrolls is significant, with p-values less than 0.05. Positive surprises in the change in nonfarm payrolls are associated with positive jumps in oil prices, and the relevant coefficient is highly significant. In particular, a realization of nonfarm payrolls that is one standard deviation greater than expected results in 0.64% jump in oil returns. This jump in oil returns may appear small ($0.60 if the price of crude oil is $100 per barrel), but it is measured over a very short interval, and it is six times the standard deviation of five-minute oil returns on the Globex market (which, from Table 1 , is only 0.10%). Similarly, unexpected declines in nonfarm payrolls tend to be followed by negative jumps (the coefficient is positive, but is multiplied by the negative realization of the news announcement), with a one standard deviation surprise decline in nonfarm payrolls followed by a -0.3333% jump in oil prices.
The other noteworthy comments from Table 6 are that none of the other coefficients on news announcements are statistically significant. This highlights the difficulty often encountered in attempting to empirically identify systematic links between economic announcements and crude oil returns (see, for example, Chatrath, Miao and Ramchander, 2012) . Given our earlier evidence that large surprises tend to be associated with jumps in oil prices, these results suggest that the difficultly may stem from attempting to relate small economic surprises to oil prices, perhaps because we have not measured the anticipated component of the economic "surprise" very accurately.
The second three columns of Table 6 report comparable regression results for the 10:30 am announcement on crude oil inventories. The link between inventories and oil price jumps is estimated more precisely, as the coefficient on both positive and negative standardized inventory surprises are highly significant. The response of oil to a one-standard deviation surprise is of a similar magnitude to the change in nonfarm payrolls, with coefficients of -0.7808 and -0.5275. Again, this sign is as we would expect, with higher inventories resulting in lower oil prices, and lower inventories (negative surprises) resulting in higher prices (with a negative surprise multiplied by a negative coefficient). The relatively high adjusted R-squared for second model in Table 6 indicates that crude oil inventories explain a substantial fraction of the variation in oil return jumps during this interval.
These findings should be interpreted with some caution since we cannot say whether changes in inventory levels themselves are a result of speculative forces.
Are News Related Jumps Different?
Our analysis thus far establishes a strong link between macroeconomic news and jumps in oil futures prices. However, while jumps that follow news announcements account for a large portion of large jumps, they account for only a small proportion of the total number of jumps. It is therefore natural to investigate whether jumps related to news announcements are different from non-news related jumps. To address this issue, we compare the absolute value of jumps, the jump component of the total variance, and the contribution of jumps to daily realized volatility. As discussed in the methodology section, the difference between the realized variance and the bi-power variation should converge to the jump component of the instantaneous volatility. The jump component of the instantaneous volatility is just the difference between realized volatility and bi-power variation. For days with multiple intraday jumps, we compute the contribution of each jump by taking the difference between the realized variance and the bi-power variance and subtracting the squared returns of the other jumps during the same day.
These results are reported in Table 7 . The mean absolute value of the news related jumps on Globex at 8:35 am is 0.65% which is about 50% higher than the mean absolute value of the non-news related jumps (0.43%). In addition, the average jump variance for news related jumps is 0.24%, which is substantially higher than the average jump variance for non-news related jumps (0.16%). The average contribution of jumps to daily realized volatility (JV/RV), however, is very similar for both news and non-news days (9.27% vs. 8.57%). In summary, news related jumps from Globex are larger and more volatile than non-news related jumps, but their contribution to total variance is quite similar.
The pit session is used to identify jumps at 10:35 am. For these announcements, we find that the absolute sizes of news and non-news related jumps are similar (1.11% vs. 1.06%), as are the jump variances (0.81% and 0.74%). The contribution of news related jumps to the daily realized volatility is, however, substantially larger than non-news related jumps (17.90% vs. 11.12%).
This confirms the strong information content conveyed by unexpected changes in crude oil inventories, and may have relevance to the literature relating oil price volatility to economic growth (cf. Bredin, Elder and Fountas, 2011) .
To further examine the differences between news related and non-news related jumps, we investigate the volatility persistence of jumps. Following Ederington and Lee (1993) and Evans (2011), we run the following regression on the subsample that includes only intraday jumps:
where, represents the five-minute return in intraday interval , if a jump is obtained in the intraday interval These results are reported in Table 8 Table 8 suggest that the price shocks due to economic news have some persistence, but that it dissipates relatively quickly.
CONCLUSION
The factors driving oil prices have been the subject of considerable debate and scrutiny, with interest in the role of speculative forces relative to economic fundamentals. Contributing to this debate has been the inability to identify a strong link between oil prices and economic news. In this paper, we reexamine this relationship using high frequency intraday data and relatively new methodology that we use to estimate jumps in oil prices. Our results show a surprisingly strong correspondence between high frequency jumps in oil prices and the arrival of new economic information, with the vast majority of large jumps preceded by either macroeconomic announcements or announcements related to crude oil inventories. As with other studies on macro announcements, the employment situation report plays a key role, with more than 30% of the announcements on the change in nonfarm payrolls preceding jumps in oil prices.
Overall, our results suggest that jumps in oil prices are closely tied to new economic information that is pertinent to the global market for oil. Given the very high frequency of our data (five-minute intervals), the evidence that oil prices respond very quickly to substantive new economic information appears overwhelming. Our results therefore provide one contribution to a complicated debate on the role of speculation in oil markets. That is, jumps in oil prices, particularly large jumps, tend not to be driven by speculative forces unrelated to the economic environment, but are driven by rational responses to pertinent economic information. 
